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‘ABSTRACT : a ae 
The life and work of Isaac Newton and his 7 
investi ons of Aight and color are described in detail. Notes 


include “pe eliainary observations of chromatic dispersion; dispersion 
_ .by an equilateral prism: the. "Experimentua Crucos" or the composite 
‘Mature of white light; the nature of colored light and illumination; 

transsis ions and reflect ions; and the re@@nstitution of white light. ~ 
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-of the elements of both scientific. vocabulary 


. experiment ‘evidence, prop 
“clearly, that he cannot ‘imagine that: ‘those who do) not share his exper- 
dence and insight may have as much difficulty in picturing precisely 


' accepted form. Rays of Light, images, slits, ape 


Cd 


NEWTON'S INVESTIGATION OF LIGHT & COLOR ' 


Nistorical Notes 
Perhaps the ‘greatest. obstacle to an appreciation of the nag= 
nitude of Newton's achievement and the full significance of Newton's 
revolutionary ideas concerning white light and color is, that once 
propounded arid accepted, they seem almost self-obvious; so obviqus 
that it is,hard to conceive how there could be any other view of the © 
matter. Yet we know from the way Newton's “ideas. were ,first received,- 
that. it is.not something intrinsg#c in the nature of the phenomena, but 
‘in the ‘way.we have learned - following Newton - to regard them. There 
were, before Newton, other wayg'of regarding light; some with a long 
history, “some firmly ambedded._in a. comprehensive philosophic. system; Boone see 


most apparent Ly finding some ‘support “in axperience, and to many who 


hetd such*views, Newton's were hard to comprehend ‘and evén harder to 
accept. Newton's oviginal exposition, his. first published work, in 
1671, which must have.seemed,to him, ‘as it: does now’ta us, convincing 
Jin its experitmental evidence afd’ compelling in its logic ~ was met 
“with misunderstanding,skepticism, and direct hostility There ensued 
“a five-year-long public debate (in the pages of. the Philosophical 
Transactions of the Royal Society) which ended not only by clarifica- 
tion and sowhe reconciliation, but also by the expiring OE some critics 
and the’ Smee on of Newton’ s patience. , ; : 


+ 


" Many factors contributed to this debates philosophical prejudices, 
‘personal rivalries, semantic confusion, ‘and not least; ambiguities and 
inadequactes in Newton! s own initial accgunt of, his experiments and 
conclusions. Newton had been experimenting tin optics for many years, 
designing and constructing’ and testing optical imstruments, examining . 
‘optical materials, and ondering deeply on the many problems he encount-_ 
ered. For several , years he had lectured on aptics in Cambridge ; vhis 
experitnce had gtowh and his ideas developed. : ~ Now in 
a few pages he, lays out ~ in a, beguilingly simple narrative, how step+ 
by-step his~ experiment leads him to ,his inexhorable conclusions. The - 
et laid out, seems to Newton to. ‘bpeak so 


what has begn observed, as in’ Peco pene the conclusions that, follow 
fromthe ob ee hae ' ' : 


It was not simply a matter of rival thepries of light .and the 


.production of -colors; although that was indeed the issG@ for same 


ceritics. For the ‘task of examining the physical nature of light, the . 
science of optics was stj1l a relatively inarticulated subject. Many 

d experimental tech- | i: 
nique were ‘known, but hardly © in any systematic ahd generall used ‘and ra: 
ures, prigms, lenses, 
refractive power, the geometrical féatures of refraction and reflecténn, - . 


all these notions we're more or Less current, _ but ‘usually i a particular = 
' “3 
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context, rather chan part of a conceptual set ntific vooabuldyy, A - 


term which might have.evoked some distinct c IcGpb to Newton imse Lf", 
could have created a quite different, or confliged oo 

one not sharing his experience, let alone histytewpoint. ‘Experiments | 
on light and optics were not yet at.a.stage where there existed a 
erally understood and accepted patterns of standard procédures and - 


¥ 


basic: components - with all their implied ‘assumptions: and agora mation -" 
to be exploited in a pafticular.way and to demdpstrate some new phenomenon. 


. Each experiment represented a new arrangement, in toto ak it were. The 
“essential functioning. of ‘the component ‘parts and their relation to the, 
. whole was rarely something that was, or colild.be, clearly expounded - or- 
if expounded fully comprehended. Detail .and principle, the essential and - 
~incidental;, were neither clearly demonstrated nor easily discerned: 
Oftics in Newton! s time was an old and. venerable * science; but the physics 
of eee was new and unformed. 
If we stress the difficulties. hae Newton! S contemporaries 
might havé experienced in fully grasping the nature of Newton's work’ . 
from his published account, it: is not so much to suggest that had he pre- 
* sented a much more detailed explication his views might have ‘found ‘a 
readier acceptance, as to emphasise the great differenca_between exper- 
iments as demonstrations of what is know, (or betieved) , and exper{ments . 
as a means of discovery. When the conclusion is foregone, how readily 
does*one select what one believes to be éssential to One's argument, ae 
and.how readily one can dismits or even dverlook what one considers 
irrelevant circumstance, unimportant “detai}"! With the road well. laid | 
and-the destination clearly in view who bothers to examine éach clue 


« 


n 'g ome - “ ‘, 


along the. track, to take bearings constantly, and constantly. to examine ~  . 


and o&casionally mistrust. = orfé.'s instruments? This is’ only demanded | 

of the explorer. Newton may have omitted to explain to his readers alt 
_that he had observed and scrutinised hefore he reached his goal, but we 

can hardly, conceive that hé himself had overlooked much, or taken too ~ 
,mich for granted, Indeed as the debate with his opponents proceeds’ we, 
see him supplying progressively more detail, expounding and elucidating | 
each point more’fully, meeting specific criticism with further evidence - 
and fuller argument, There are, not so much new argyments or new obser- . 


vations to meet unforseen weakn@sses in his views, as matters which he: “ , 


had beén aware of .all along}; that he had hoped he could leave to -the 
magination of his readers, but is now prepared patiently, though grud-~ 
fe sae, For Newton is not so much debating with his opponerits. 
as reiterating publicly the dialogue he has already held privately with. 


nature To recapture the spirit of .Newton’s discovery it is to this -° , 
private conversation we must listen. Discourse with nature, by “experi~.. a 
ment, is Newton's prime ‘teacher: “and, it is our's too if we wish #0 © ‘f& 


understand: how he learned, and “oer he has taught us. Or in Newton's 
own words; he. . 


‘Historical Notes “epaeinued 
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"Por {f the ‘experiments which.I urge, ‘be detective, “ ” Regeee 
ft canndt be ‘difficult to.show the defects: but if a 
“+ ‘ valid ae ae ‘by proving the’ theory they must render S 4 . ‘ 


. . ‘all “obje tions invalid." “a 
- : ~ 
, s > ite en .? ow ; a : n 
7], . There are several gources from which one cam attempt to ,re- 


‘ + construct the train of experiments, observations and \easoning which , 
/ led Newton to his baste theory of color, , Shtonologically: 


= 


eT , ‘1) = =The cick ieveanes at ‘Geabeldes and. other vetebeoke 2. 
7 sys. ss “1 and correspondence of this-period (1661-1671):,0 °° 95 
a 2), The debate published in the Philosophical. Trandackions ; 
2 4 "+ (1671-1676). stimulated by: Newton's 1671 paper of 
oe 7 67/72, 4 
- 2 , 3) Newton's Optick's (1704/1718/1730) . rs? +e 


a 
4 a 


_ Optics, - ranging eect the practical construction of Ans truments © 
“to the mathematical formulation of principles, was. a central interegt 
of Newton's from the period 1660-1675, and many of the ,tasks he under- - 
took, the ‘problems he encountered, and the phenomena he observed 

clearly gave him frequent cause to porider on the vature’ of* colors and 

the causes of their appearence. Historians seem to disagree - or at | 


‘least express. uncertainty about the precise chronological . sequence 


% 


. , of his investigations. Did he experiment with the prism before or 

. safter-his concern with the chromatic’ aberratkons of telescope. lenses? |... 
- When did he- first recognize the correlation of"rafrangibility" with 

n color, and a what stage did the tdea occur that this difference in refrac- 
“tion separated the colors rather than generated’ them?~. There. seems 


little prospect of settling these, historical niceties definitively. 
Different aspects of Newton's concern with light, were surely. inextri-. . > 
_ @bly interwoven, and though he may have: heey pera ps concerned with : 
one. or other. aspect at any particular moment,’ it is almost inevitable 
x. ‘that manifold interests were at work: similtaneously even if they were | 
’ not Even ‘deliberately spUR eves Te ‘ sa 


For our purpose it tshould, and. wilL sites to recognize some 
four ‘sorts | of observation and experiment: ee _ 


; “hy Early observations relating to chitgiatic sbeteation 
e fo of lenses, instruments, etc, —~ , 
4 i: Early observations of dispersion by prisms 
© Lit 


; Deliberately designed rism experiments to text a 

. aa more-or-less fully Ea eled theory of color; ma 
a = ee oy especially the: experimentum crucis. : ., * ee 
ee dv)” General expe nue. tests. of colot appearances, yi 4 
we ne ~ Joker mixing, etc. ‘4 - = 


a 
- and to discice the experimental particulard. in this. rider, aati 


ac this is the order in which. theese. matters appear ‘in Newton! Ss oo 
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Historical Notes continttied  _ - - . / oe 


paper and the subsequent debate (Item (.i)‘above) , or at least one may infer 
some .such sequence from Newton's narrative and its numerous allusions 


and detours, , oo 


\ oo : ‘ 
But there are more bractical considerations. An attempt to 


_ reproduce the path of observation, experiment and reasoning which” : 
. raised such animadversions and misunderstanding amongst his contempor- 


aries must recognize that .the optical experiments were for most part 

made with sunlight. Impressive and convenient as it is, the’sun is 
hardly the "ideal" source of Light, that bstraction” to which one re- 
sorts so readily in.expounding or lag trating optical principles today. . 
(If one experimented with sunlight today it would be to study the sun 


_ rather than’ the nature of light!) 


The sun,:as a source of light, is, inter alia,'of finite 
angular size (approximately 30 arc-minutes (%°) in diameter), at a * 


- distance virtually infinite in comparison with the scale of any ex- ° : 
“perimental apparatus. Thus from any. one point of ,the sun the (divergent) 
_Yays that enter any part of the apparatus are treated as parallel; but 


» 
~ 


not so rays from different points of the sun. One cannot, of course, °° 
in any simple,: otvious direct way, block out all .the light from thé sun 
except for one small région, as te achieve an effectively point source 
and thus completely parallel light. , But by the use of slits, screens 
and. more sophisticatedly with lenses, an approach to the ideal of 
parallel light was, in effect made in pioneering optical experiments. a, 
But the need for the signifance of parallelism, the precise manner 

in which it was created, and'‘the deg'ree to which it was attained, --all 
these factors were’ rarely fully recognized and appreciated. Even when. 
they were - perhaps intuitivdy - recognized in practice, the clear .and 


'. systematic explication of their significance in the reports and writ- ° 


at 


‘ings of Newton's time was rare, . of 


tye 
e 


Newton himself.was cértainly fully aware of these factors ‘in 
his experiments, but ‘the rather haphazard manner in which he deals | 
with them - piecemeal and usually in response to some particular crit- 
icism ~--illustrates the general Lack of a systematic vocabulary. of op- 
tical techniques and principles in his time. "Ideal" optical arrange- 
ments were not only far from achieved, they were’usually not explicityly, 
or in & generally acceptable way .formulated. . If we are to try to repro °° 
duce the succ#ss attained by Newton, and the obstacles that he ‘had to - 


- surmount.- both in convincing “himself and his opponents, then it is ¥ 


with actual imperfect sources of: light, rather than with idealized 
arrangements,made possfble by the subsequent development of .optics, that 


-we must werk, “Obviously the sun itself would be the proper choice; and 


if this. is impracticable, then some, equivalent, source.~which replicates 


as far ag possible (and in a manner which is not’ eoncealed!) the real 


virtues arid limitations @f sunlight. This’ is far from trivial: ‘in fact,. 


\, } 
? 


° w 
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. Historical ‘Notes Gont:nued Be - 2: 
At is the most important napece of any attempt: to recreate ‘- i sunless | 
' " but faithful, laboratory experiments: = the proper significance of New- 
ton \s work. ,We return to this question below. Méanwhile we notice |. 
that the observations of chromatic aberration’ need not invoke ‘the pro-~ « 
perties of-shafts of sunlight in any spécfal . Way. The gun here provides 
simply a vsource of general illumination; it, or some other source can, 
be used equivalently, just as Newton describes in‘his owrl observations: 
So one @an, start with some “experinents that do produce phenomena as 
Newton - and perhaps. his contempotaries: - sawythem. This may not be 
the exact historical gequence; but dt Is. not vtolently. anachroniatic, 
and at least the ‘observations can be: faithful ang meaningful. 
; >. 
ie qt: ee a matter, of.taste. aiid judgement. -how- much -( or- ittie' — 
historical or other reading should precede experimentation. Idealtly,: 
/ one might wish to begin experimenting with the'sort of backgroimd, 
‘ experience (and prejudices) ‘possessed by the pioneer in tHe field; 
- which means ‘familiarity with an earlier phase of, science’ and its his- 
~ .,. tory. But it hardly is realistic to expect this background to be SUD -« 
. plied by extensive reading’ in ‘the - primary literature, Some synoptic, 
; secondary sources (plus: verbal instruction) are the best that one can 
usualy ‘expect. If one experiméntal+ +historical inquiry, is preceded.by |; = 
another, which provides a natural introduction, go much the better, 
‘For Newton's Optics the’ precursors are Greek- Arabic-Medieval Optics -. 
culminating in Witelo and Dietrigh at the, end of the 13th century; the 
resurgence of optics in the L6th/17th ‘centuries exemplifted by. Ke Ler's 
‘” Dioptrice ¢1611) and Descarte's Dioptric (1637); and the’ more immedi- 
ate -background provided by the publicatigns’ of Hobke (Migrographie 1665); 
" Robert Boyle (Experiments — and ae on Colors, etc. 
1664); Grimaldi: ¢(Physico Mathesis’ 1665), and Erasmus Bartholinus 
. (Exp. Crytalli Islandi -- 1669). (For a list of ‘useful introductory 
” material bee Rererenecs in Bibliography) A 
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= Newton's first paper of 1671/1672 (referred to as N. ®), and 
pct of Book I of the-Opticks’ are suggested as a’minimal basis of 


primary regdings, and as a framework for an experimental inquiry. 
_ EXPERIMENTS 7: rn 


60 Blue Book. pp.43-45c): ii 


= “LS PreLimirfary Observations of Chromatic Dispersion 
e Y # 
_ Experiments described ‘in Newton's Opticks (Dover Edition) 
pp. aN 26,’ BEOrs I. Theorem I. Experiments I. 52, 


a | 


phesé are easily emodiced experiments ; as Newton writes "a 
novice ‘might more easily try them!'. ‘No “special light sources needed, 
‘ Note that Newton used an artificial source (candle) in one of them! 
}, A fairly large (2! diameter should suffice) bi-convex lens. of focal 
: "Length. 15-20 cm, can be used conveniently in Experiment 2. If Light 


ts., 
” 


leatepeees epee 
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Experiments éontinued 


lens, and close ‘to the ‘prism. 


‘Lensés, the sharpn 


‘ background is a’ problem, one can substitute For Newton! $s two- colored 
card, ‘Oolor-trdnsparencies *(filters) with suitable fine markings , ,or . 
color: film transparency with fine detail, and these can be illuminated 
from the rear. . 4% ‘. : 


2. / Dispersion by an (Equilateyat Bets) . 


To simulate the shafts of. sunlight without over- idealiving Or. 
under-realizing the capabilities of these experiments, is, as ‘mentioned, 
the. most, important problem. : : es 
> ae “ : . a » + : 

; Obviously. a luminous object at a distance sufficiently large 


as from each point of it the, Ligh’ could be considered parallel, and 


yet the whole subtending k°. , is as impractical as ‘us ing the sun 
itself, (It would have to be several.hundred meters away, ‘and ‘there- 


- fore ‘several meters in diameter! )., .But sitice oné needssorly a Light 


sourcé which emits. - more-or- less- uniformly - over the angular range 


employed, i.e. approximately 3’ , one can simulate this ween asmall , 


bright source at the focal point of a lens. 


? 
ed 


A, carbon-arc, or a more modem counterpart: (e.g. a gas- 
filled. concent rated-arc lamp made by. .Sylvania- Electric Products) 
can provide an. intense 'white Fight’ source S of some 3 - 4 mm..diameter. 
Placed at the focus of a. 30 - 40 cm. focal- ~length lense L, this light . 


source is: transformed. into a 'source-at~infinity' with an angular 
spread. of 1/100. The diameter of the leng need not be much larger 


than the'beam' of light one ihtends to use: 4 cm, diameter is ample,. 
It -is convenient to se. a@ Variable stop, A, (0-2 cm.diameter) after the, 


~ 


4 


che quality se the béam transmitted ° thfrotgh this. apatture cah be eb- 
Served on a distant screen, L meters away, where it should appear “as 
a uniform disc of light of diameter L cm; and this diameter anouhe 
be more-or-less independent of the size of the dea A. 

~ + ‘With ae, light source, and without eheeuce of, additfonal 

ss or diffuseness of spectral-images, etc., is. 

determined primarily by the linear ‘scale of the experimental layout 
and the 4° angular divdrgence of the light, unless additional aper- - 


_. tures are used to. select a Eecerece an ular BAEC of the ight. 


r 
¢ ’ R 


; ' Thus Newton using a 22 foot long room ebserved a, "breddth"' 
of -sonte 2.5/8" .( = 22 ft. X 1/100), which is much larger-- than the hole of - 


L/3"" diameter in the window shut. Twenty-two feeg.may well be 


. 
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~ Experiments continued 


“’ 


x ; : - . 
a inconveniently large; so a roughly half-scale version of the exper- 
‘ iment may be used ; : ae ae ‘ ; 
Aperture in front of prism ~ 5 mm. diameter a Pi 


_ Distance from prisim to screen ~ 3 meters. 
' Size of image ~ 300 X 1/100 cm. = 3,cem, (© 14") 


’ 


The "white-Light" source mentioned above is stated by the. manufac- 
‘turerg to have an equivalent temperature of some 3000° Abs. The ."¢ 
sun's surface temperature is ~ 6000” Abs., 80° that one might expect " 3 
_ the artificial light’ to be much redder than:sunlight, In fact it is . 
| not.a bad match to ordinary sunlight (at the earth's surface). which... 2 
. ‘1s presumably much redder than the primary Light on account of at- 
/- . mospheric filtering. a 4 a 
F Since the -interpretation of- the shape of’ thé spectrum was _ 3 fe 
central to Newton's ideas - and the ensuing controvery - it was, as 
~. Newton recognized, important to show’ that this could be contrdlled or _ 
changed. (Newton promptly addresses Rimself to this question (April ae 
1672) in reply,to comments he receives from, the Royal Society on his... 


“first publication). In sevedal ways this maybe ‘done, with results ~ . 
7 demonstrably consistent with Newton's’ interpretation. , . Re 
(a) -A long-focal Length lens (focal. length +2-3.M.)-can 
| . be used to fogus* the diaphragm-A onto the scréen. Then, 
= as Newton repotts , "...the streight edges of the oblong . 
‘ image were distincter than they woyld have been without % 
: the-Lens." -- — -_ a 
; ‘ Drmemecone . .. . : _ H “i t 


_(b) Experiments with a source producing less angular di- 
vergence than the sun, to wit, a planet. Quoting Newton - 
‘again: ce 


4. 


wo 


; | ‘Considering that the ‘rays coming ;from the Rlanet Venus 
; are much less inclined one to another, than those, which “~. «4° 
| come from the opposite parts of the Sun's. dise I once : 
‘ ° tried an experiment or two with her light’. Ando make it 
sufficiently strong I-found it necessary to collect it 

: fArst by,a broad lens, and then interposing a Prism be- 

tween the Lens and its focus at such distance, that all 
r- the light: might pass through the Prism; I found the focus; 
‘which before ‘appeared. like a lucid point, to.be drawn ’ 
into a, long sp]lé@mhid line by the Pristh's reflexion." - —% 
(Sic!-surely a misprint for, 'refraction'?) 
: . — ; : : ¢ r 


o 
Lary 


/ oo a - 

as The spectrum of Venus obsérved might make a good "special 

- ,’ project". But more prosaicaliy and practically, the influence of 
¥ the angular.size of the light source ean readily be studied with 


+ — 
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Expetiments continued : i ” 
, : . 


the artificial source, viv: Change the lens 1, to one of Anger - 
focal length, say 60- 80 cm. ‘The effective angular size is reduced 


_ from 1/100 to 1/200., (Not as‘ good as VenuS:+ but, the eet in the 


shape, of the: gpectrum will be quite pronounced. ) 


a 


A 
3. lemenitary Ob servations (c. £.,N. I. pp. a 2077), 
4) Check influence of size of aperture “A on x 7 
spectrum. 4 M 
b) Check influence: ae thickness. of prism-glass traversed 
By ‘small Lateral ‘displacements of prism). / : 
BS lee Note how position and shape-of spéctrum depends on ~  ; 
prism orientation (observe "minimum deviation"). Partic+ 


¢ ularly relevant to Pardies criticism (Ref.i °° ). 
~ qd) Verify ‘Linearity of “ys emergent from prism - by 
moving the screeh. 


. e Repeat experiment with two similar prisms (p. 3076), 
showing colour- -production is not due to surface -irregu- 
larities. . . ° 

; ' : ag 


4, Eagerinentungructs, ee oo 
/ = 4 
3 Peis is the one experiment that Newton returns to time .and 
again, as the most direct and conclusive verification of his basic 
principle: The composite ("difform", "mixed", "commingled", etc. ) 
‘nature of white Light. It should be performed with the p PHerOuEniess 


it MESETVes: a y 


There are, in Newton! Ss own writings, several versions: and‘ 
subsequent. scientific and historical documents spawned innumerable 
variations ~ many fictictous, Spurious, and even incorrect. The 
description in N.I., p& 78, (which is essentially the ‘same as the 
fuller account in Newton’ s second reply to'Pardies (Ref. ii, ~ 
p. 5016) although the apertures are not in precisely the same loca- 
‘tion in.the ‘two versions), is followed here. 
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With the layout Approximately eee the oreo of the spectrum 
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at the second aperture, ‘A'- will be about 6 cm. and, width about 2 cm. 


@perture.A about 6 mm. less). .A' should be an adjustable slit, with 
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_played at 45°. tov the: axteof ‘woth prisms (Re Cit, pi79092)., 
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Experiments continued o: 


openings in the range 1 to 5 mm, pe set originally in_- 
the symmetrical positions (minimum. deviation) ~ > : 

_ Turning Py about its axis by a few degrees changes both the 
color and the position of the Light on the screen; turning P4 changes 
neither (at least’ t6 first approximations). The effect of digplaging 
Py from the position of minimum’ deviatioh, and of altering th er- 
tures A,A' can then be studied - and explained! One can’ also, examine © 


the ¢f£fect of transposing NY to the opposite side of .the prism, 


& 


curved, trajectory - (as might be inferred from ‘some earlier, cartesian,- ~~ 
- conjectures) - can also be readily. checked: - Simply, by changing the 
position of the screen,and-noting the position and size of. the color- . 
ed image (N.T. p. 3078). ‘Another. demgnstration of this is the use. ,° 


e ; 4 a ne ™ 5 8 
_2...That_the coloréd rays are not associated with some sort of 


of two prisms, one transverse to. the othbr. .-The spectrum is now dis-— 


4 Joe taal se 
ob : ‘ae pr? 
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The light emergent from. Poy-can be ‘further: fahalysed' by” te, 


another prism P3, to verify. that suecess ive refract@ingds-.stot -change: vy 9° 
the ‘color of 'homogeneal’ light. ‘Ltkewlse, the Light may. be reflagt: Tyo. 
ed from an ordinary mirror, or scattered from a white surface without”... 

: ; ie Sn cae 


change of color. © . s ae 3 
we” : : : : ‘ i ; a « ke “Os 
It is this Nexperimentith crucis" and its variations that = ~ 
form the basis of Newtof's principle that the element in optics is 
‘a ray of colored Light; "colgred' in, the particular sense that it~ 
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possesses a definite refrangibility, elementary in the sense that 
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subsequent ,physical processes ~ reflection, refrattion, transmissions = 


do not change its color of refrangibility..° Newton's revolutionary | 
idea is not simply the as ertion that white light is composite; it is- 


also the introduction o€ the possibility of a persistent, colored ray. 


or beam of Light. ‘ALL earlier: investigations had interpreted color 
as some sort of modtfication, of white light introduced by its passage 
through apertures and/or refracted media with boundaries, and not. 
necessarily, ox even usually, a uniform modification of the whole 


t 


¥ 


beam, Moreover, successive transmissions introduced successive changes 


in the color-structure of the light. Color then, was a transient 
property of light in particular circumstan In’ contrast, for 
Newton, color was a basic intrinsic property f light; ‘andthe ideal 
light was a ray of uniform, constant, singlé color. . 
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§ Nature of ‘Colored Light and Illumination ., . ‘ 


In Newton's scheme there are three Soa of light: 


; , . 
a) Purercolors, of a particular, constant *refrangibility. 
No further separation possible, oy ; 
e a . 
a ~9a c : ; 2 = 7 ; 
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7 > ar G), White Light, assy ae peer of | all ‘éolors, a7 ot 


((N.T. p. 3084) - 


neconaeleutvon ior White Li ht 


_it can also. be synthesised-from thém, * The experiment described ‘by. 
- Newton (N.I.j p. 3085-3086) can be pepromuced - on a, _somewhate re- 


'- Of, the aperture } Newton uses, which is~ 2 x 1/3" = 2/3" diameter, So .\%ems,, | 
. that will beé good overlapping of the different colors... (Notice the > ¥e 

_- difference: betwee} this use of a lens, and when used to Sharpen,the 
'- “gpectrum, oe Dp (a), aoe a ee 
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Se yoaemaents conitta i oe sé fe. 7 == . 2S ee * 3 

: : ee : « : a ma _ = ce 
= _ -b) Piet which may ones simd ar to a pure color, but | .. 
Z - Jg- nonetheless mixed. By refraction, mars ete., | oe 


* its egpponents. can be “séparated, ' 


¢ ‘ 
‘ ; / hs 


oe oF . _ the ‘confused, agreggatie ‘Of Rays indeed: with all sorts "v3. 
a an of ‘célors, as they, are promisculously dartéd from the ° ; 
° ae , various parts of Deaton? bodies." (N#I..p., 3082-3083)-: a 
ee Nume réus: ‘experimental, ‘tests ‘can ue made of hid conan ” 
° framework: it. can ‘@lso provide'a ready explanation of sone well attest- | 
."“ ed phenomena’.- é.p. the colors of the rainbow; or the different colors’ .4 | 


of. semi- transparent: objects viewed in reflected or: transmitted light «. 
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Transmissions and. Reflect iad 


tA 


‘Use a tconical flash with vavlious éolored ecluticn Observe 


~ the. ‘transmission (and reflestion) of "monochromic. "Light" ‘of’ ‘differ- 


ent colors, selected -by prism-refraction, Also view different . 
colored minerals - cinnebar, es Lead; indigo, ete. - illuminated fs . 
“by, different light. Fs — os 
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White Tighe can a: only be analysed into tts” components,’ 
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duced’ scale, | & es, = 7 : | ‘ 
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: a , 
A 30 50 cm. focal length lense, of 3. a cit.g@diameter and. , 


plas om the prism, is satisfactory constituted 
whit “be obgerved on a screen gpme 10Q-40 cm. from the . 
lense 


Ca 


S description af this ner mene ‘and from a... 2 8 
of it - it appears that he is focussing -an : 
ire just. in front of the prism on to the screen, ” - 


Jmages eorrespondi x to different colors will be’ separated by disper- a 
sion, by an amouhtt of approximately. AxadxAg xM. (€is the dis- | 
tance between the laperture and the prism,d) the typical angular dis- . ae 
“persion, and M the optical magnification. Since is only a few inches, « ow 
‘say 4's AO~ +t ay 4 and M about 2, the color separation on the screen, ~ <* 


is typichl hy t 1/10". This ‘is. much-smaller than the magnified image a 
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(the reversibllity of.fhe rays of light, the whole spectrum can. be rae 
_ _ recombined, into a white circular ‘patch of the same size,, and in the vO 
sane posifion relative to the second prism as ds. the apertyre to the | 
firgt.” (Typical scalpd‘down values: ° f=25 cm.; separation of prisms 
oS 90 cm.; aperture’ close -to prism.’ For the symmetrical arrangement - 
. -- the distance between object and image, is’ 4f.). > ae 
ee , - «2 
| > Figure 1 -(on page lla following) [= 
f <r ee 7 : , 
. . P 5 bs r- . 
The effect of changing the apertures, and the position of screfn 
Vie observed and explained! a, a 
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s “There are other. versions,of ‘this experiment to reconstitute 
white light. tn Opticks, Exp. 11, pp. 142-143, a second prism is. 
used in place of the léns. Later, Opticks Prop. XI -Prob. VI, pp. 


7 


186-189, a niore sophisticated arrangement’ with a-lens 8 mmetr{cally _ 


‘placed between two prisms is used (Fig. lL. ). . By.the’ principle of 


° , . —_ oo < a Se 
Interceptioh of any part of the spectrum, ,at ‘the Lens, results 


» in a.colored image (not a pure color!}. More.Striking support of 
‘ Newton's hypothesis of the complexity of white Light. is provided by 
experiments in which all but a narrow segment of the spectrum is inter- 
cepted at “the léns (Fig.?,plka) by.a diapht@gm.B. A more-or-less uni~ 
“form coloy is seen on the screen. (Obserye the effect of .changing 
' the primary aperture A). As aperture B is moved across the spectrum, 


. 


> the colér at the\screen § changes successively from red to violet or 


ivige;vatse. | 'T, “this change ,is ‘speeded lip,. by using a‘slotted wheel | 
br a.) ae rs 7 Figure 2 (on page lla following)” . | 
BF iy Nygbene. e wet . | 
ds 4g. yOlypicat” Dittensions :AP=Hem. AP~ES~45em; f of lens=24 em. ) 
ce +H antew can be. rapidly uptateds the appearance to eye is of a “uniform 


Ce  Whitigh image. - White light has now been reconstituted, not only -by 


«. 


rag In yet another demonstration of the same principle, a board, | 


ee og *uer 
. se 


, algo Optioks, Prop. VJ, Prob. II, pp. 154-158, and Exp. 12, pp. 144- — 
ee ( wae 3 _# 


Simultaneous, “but algo by successive superposition’ of all its ‘consti-' 
Colors: ( Ref, ifi, p. 5097); and by the latter means th®'transi~ 
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soe PE -eovered with numeroug.stxips of dolored paper is illuminated -by strang 
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light, and ‘the light/ reflected from this surface is used to illuminate 

a (neutral) white paper screen. _ If -the distance between board and . 

screen is sufficient the screen appears white: when. closer to thé 

board,remnants of thé colors'can be discerned. — o 3 
: : ; an) 
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“thar from separate colors xto whiteness can ‘be made gradually: (See ~ . 
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Figure 1 (Newton's Opticks, R. 187). 
: ‘"e 


& wt ofas ‘ 
5 ? . ' 
a 7 x ea 
y 7 : “ : 
. P v 7 x a 
~ cy a + 
‘ . . 
- ry Ko 
7 tlt : 
iw Pid : ¢ * 
* md . bd 
© ; : 7 er 
= : = y * 4 
; s (Scaled Version) , 
oe ‘ , a : = ‘ ’ % . a 
~ ws ’ a 
he. - ese 209 0em.* —y>— ~. 7 
. . . ™ - > . 
‘ . ; 0 


s- 
e a 
. 
; . 
- - 
7 * 
5 - 
. + 
: . 
2 “ e ~ 
+ 
eS F 
°° 
. Te 
e a 
4 
? 2 


Figurd .2 ‘Color-Mixing 
. od = 1, ; ? 


-) 


a é . Ba 
i 3 : : : 28 wae nea 6 ee weds aad ee 
. é 9 ee “* 


4 “6 
Ye 
& . ad . * : . x . 
oe = “. . : at . s * i ° ¥ 
: : L. es F F 
* 7 


° “3 - 
; : : 7 / ; - 74 . ; 
epee ea — a fw \ i ee 


"ys Pig ; 


Ole final example: i ‘ine froth of sdoap- shaneiee ‘i1fuminated 


by white Light when examined close-up shows distinct, Zocalived 


colors’ (The colors of their filmg, as described origi ally in,Hooke' s 


Micrographia);. At gome dis'tance these appear to merge Pee a uniform. 
_whttenéss.- .( Ref, an, p. 5101, 1693) © te aie 
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There are more ebaborate exparinients to display the ‘differences 


~ between composite light which’ tooks white, and natural white light. 


- For example, using two prisms and light sources, blue and red Light 


whén mixed on a screen appears whitesh; but examination through a 
prism readily reveals‘its true composition, (Ref.iv, p.6088.) These 


~-experiments: are partly to refute Hooke's: original - hypothesis that =. ---- 


- colored rays. 


white light - and indeed all colors: - can be.compounded of two pasde 


colors: yehrow and Blue. (c. f. Ref. V, P- eee? _ 
oe It is well poren remarking that Newton was always Foligs 
aware of the difference between what we might call the psychological . 
sensation .of color and the physical, concept of a pure color ( of a 
ray of light, etc,)..--Apparént identity of appearance (sensation) is 
nowhere.taken as enciaeiee evidence of physical identity; but change 
in appearance is taken as evidence fot some, changé in the physical | 
composition, Of course there are also many instances, - particularly 
in the successive transmission through prisms of. rays of: pure color - 
wheye the constaney of appearance is consistent with Newton's hypo- 
thesis, and therefore in support of it. But it is the impossihility /. 
of effecting any vistble change by any physical means ‘available,,that/  . 
is the real test of ae or enementay yey of the individual 


c ’ . 
Postscript “ , ; ; . oe | 


An attempt to replicate these bentnaery 'simple" experi- | 
ments of Newton soon reveal's that there are recurrent subtleties in 
the (geometrical): optics tnvolved; which Newton himself is not always 
‘at pains to explicate fully, ‘and which were surely netther familiar <2 
to the optical art of his day,.nor obvious to his contemporaries. For 
some these difficulties were really-a source of confusion, for ‘others 


‘they provided an opening to criticise the validity of his experiments, 


or more often’ his conclusions from them. Pardies. was at first misled, 
later convinced (Ref.i,ii ); Hooke defending his own theories, is highly 
critical of the dramatically, new Newtonian’ hypothesis, (Ref. vil )3*the. . 
great Huygens genuinely skeptical (Ref. iv ); and. the‘lesser. Lights © 


sat Liege ‘quite unequal. to the*task of reprpducing Newton's results, 
‘Let alone fully understanding them(! Ref. vi .). But beyond these re- 
actions to Newton's theoty of white ight and prismatic colors, there ~ 


_was another real complication whose ‘full significance, or‘even the 


‘relation.to his experiments, was only partly grasped by Newton him- oy 
ae, Self. This was the.observation by Grimaldi,’a few years earlier, that an 
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Hlors aemeanes near the edges of shadows east: by fine obstacles and 
slits in the path of light. . To; be sure ‘the dimensions of apertures > 
‘in this case were af a ‘di trerent order from the rather coarse open- 
ings (even the smallest of them) used by Newton; and Newton was 
correct in _disregarting, Grimaldi's findings as irrelevant to the 


main {issue at stake fur his own. mm OEKs 


Yet the observations of: Grimaldi, “Like the ‘colors in their : 
plates, bubbles, films described by Hooke, were real enough, and Newton , ‘ 
eould not long ignore them if he were to defend, and extend, his own 
theory of Light and color. These matters seem to have wecupted Newton's 


-. attention..shortly afer he-had.concluded.his. findings on the nature of . 


white Light; and h#seét out his extensive ideas and’ speculations in a 
letter to the Royal Soc{jety.in 1675. sThis so called "Second Letter" may 
be read as a preliminary draft of a large-part of the Ogtieks, which. 
was published some 30 years later ( - when his major critics,Huygens and 
-Hooke, were both dead. It is here, ~ in the letter of 1675, and later 
in Opticks, that one finds the full ‘expression of Newton's hypotheses, 
and speculations; about the, ahature | of light, the famous , 
corpuscular" theory, the theory of alternate "fits" of easy reflect-~ 
tion and transmission; togethér with remarkably précise experiments on 
"Newton's Rings" in‘’which, .effectively, the wavelengths of different 
colored PREAe is determined for the first time. ‘ 


There are only occasional hints of this later eoncepeunt 
edifice im the pre-1675' writings of Newton. The contrast between -the~ 
‘first’ paper ‘(1671/1672) and the ‘second ‘is striking. In the first, and 


- in its defense, he. denies all preténsions to hypothesizing: hig experi- 


ments demonstrate. the true nature of Light; the second.is a long elabor- 
‘ation of an involved hypothesis of particles. and ether, supported from pe 
time-to-time by appeal to experiment. In the Opticks one sees an \ 
attempt’ to combine the experimental-logical style of his earlier work 1. 
with the wider embrace of his later speculations and .explanations. o 
Ironichlly, Newton's earlier conclusions so well-grounded in inference. 
from experiment aroused immediate sharp criticism, while his, Opticks, 
with its far more ambitious and speculative hypothesis was acclaimed, 
But of course by 1705 Newton's reputation rested on a far ‘more impos- 
ing base than -his optical work. It required, as we know, a century or 
so before his ingenious and compelling ‘ideas_were really challenged, and 
then overthrown. But his early work, his_ master Ly analysis of the 
nature of white light, endures, “* not, only as, perhaps, the greatest 
single contribution to the uhderstanding of the natire of | Light, but 
also a great pioneer example of the powér and purpose of scientific . 
experiment and inference. ; 


a 


_ 7 fo 5 
‘ ‘ / 
: F 
. ¢. ‘ 
r - xX g ' : » 
: 2 ; ; e . Ne , \ . 
, +>-Detatls of Apparatus: - . : 
: fo : , : e 
; : A te 7 


This experiment uses essentially stantlard, inexpensive items _ 
commercially 2 aaa ’ ~¢ :- _. # 
E z _ rp» * Sa 
Pes Source of Lights The ‘oruclal ftem is. as’ already emphasized, 
the lfght source. . The most convenient is a podern.versiongof the high- u 

.)\. intensity arc, but this is not inexpensive’ “(We have used se ee - me 

100 watt ‘lamp, #827341 (about $50/Life: 375 hours) with the power supply 
2 #87345 (about $200) ).. ° = > “S,. <3 * 
’ . oy ; . . a < a “ ; os a es : : 


¥ ' 


Alternatives ‘are: ; 


‘. : 7 ’ ' i 7 ° dre che ae 
soem Do Phe sub, Cheap, L£ available. A simple mirror arrange- 
“, ment just near the entrance aperture.to the dark-room can be 
used to keep the sunlight-beam ‘in cofivenient position. 
: ; » a : * A - a 
we “2). A high-intensity filament Lamp: (eg. 36 ‘Watt car lamp). _ 
“By, suitable blackening of the glass, an effective source ™), 
- size of*some 4 pr > mn may be arranged, but tha brightness 


will bé considerably le'ss than optimum. (Also the color . : 
- ‘ts more "yellow" than sunlighty ~ - ; 
-" é 3) An old fashioned arc-Lamp. Excelldnt brightness, but 


“messy to use; .+ unless an automatically regulating arc is 
used, which is expensive.’ (Simple. arc: Sargent-Welch 


-” « ° #3680K; Leybold market an expensive automatic model) ° 
. In ali cases to simulate -the sun the source is placed at the : 
“focus of a converging lens of--focal length, f, chosen so that f'~-100 d, ae 


where d is the "diameter" ofthe light source, This simulates the'sun. 


ee Optical ‘Beach and Fittings: Only the simplest optical. bench, - 
with fittings to carry slots, screens, lenses, etc. is necessary, but 
_ robust equipment“ig probably a sound investment! 2 & 2 3 
_ _ A gradtated bench is cSnvenient, but certainly not’ essential, 
The equipment listed by Sargent Welch #%s 3621, 3624, 3626, .3620(A) or 
Cenco #'s 72220, 72210,° 72322, efc., should he adequate. One 100 em 
_ ahd one 200 cm bench ‘together suffice far'most e periments described 


(above, ; 
9. r ; . . : , 2 3 oo Z . ° ‘ 7 ar | 
ie 3. ‘Lenses:. A few bi-convex, lenses 20-50 focal length of moderate . 
: ‘4° quality, and with diameter of about “4 em.;. with fens-holder (e.g.. Cenco 
#72288 or Sargent Welch #3629). ~ y 
4 | prisms: (Three) Equitateral. (60° ) prisms (glass or lucite) 
_ with 1" face width and 2" - 4" high are adequate,’ i 
‘ i, _ 7 ae : . ag, ; . = . ot . . : : 
gf - & os a = a 18g ar * Oe aes 
Ve a ree ee nee ae ae eee 3 ae 


of some sort, should: be available. A-pa 


especially | so.if.more ‘than one.optical set-up. is being used_in the” - : 
room. If the layout in the room is convenient this may be -accomp Lis: ed 


~ 


ry en _s 4 ; ° oo : 
Details -of Apparatus continued _ ae é 
, i 
os slitg, Diaphragms : OA simple fixed slit of width «2 mm? 


which can be turned about its axis. to obtain aavariable width; is een 
sufficient (to select part of the spectrum). A more elaborate ad: - 
Austable slit is convenient, but not lal aaa a ; en 


An: Eisen iris (0- Att stamp) <"(Sreu an old camera?) - 
r of stnp le platforms,/which’ 
can be turned: in their eee is alac needed’ to mount the pEreines ¥ 


6. “atehe Screening: ” Apart ‘eon the stv tous geen tor a dark: 


room, it fis necessary to screen off stray light from. source, and 
? 


with appropriate black ‘curtaining; but, a more flexible ( and maybe 


- safer) arrangement is a metal box enclosine the source,and equipped 


with a small inexpensive blower to aid oonvection (th¢ Lamp oe 
100 W.). See accompanying diagram. ; 


| | | | oe. ; . 
Wee Miscellaneous: “Many other items - colored objects,;.screen, 
etc. - are easily owes made, \ . i ) 


For the observations on color mixing an scdingar Soul: may 
be used; or alternatively, a card-wheel (4" diameter)pwith radial 
slots about 1" Yong, 1/10" wide and spaced 3" apart. This can conven-/ 


iently be spun. by hand at the apptopriate speed. (See p. lla, Fig... 2 
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1589 - Giambattista della Porta (1538-1615). "Natural Magic", 2nd 
: Edition 1589, Systematic. treatment of SpreraeTess 
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1604 - Joharines Kepler (1571-1630). “Ad Wikeitionen Saeatannacael. 

‘ (Mathematical theory of image formation and vision - point-to- 
point -. based-on. rectilinear theoty of Light: and ‘an approximate | 
law: of refractton:.re 4). Also L611. ‘Pioptrice ie of 
spectacles, teleséope) . ee ae 8 
‘ 8 ; ON . ; : . Nie z ‘ , 
1609: - cattle Galileo (1564- 1642 ). Telescopic Observation of Moons 
‘ ~ee Jupiter, €tc. 1610. ("Siderial Messenger"). - : - 


1621 ¢ Snell's Law (Willebrod Snell, 1580- -1626), Published’ in Risner' Ss 
° Optica. ; . 1... 4 : 


1637 ~ Rerié béscartes (1596- 1650). _ Dioptrice: 


1640 '- Fermat ‘Descartes controversy (Pierre eernat 1601- 1665). 
-. ¥ 
1648-~ Joannes Marcus Marci (Prague) . ‘ ’Phaumantias ; Liber de ‘Arcu coelesti". 
Refraction and color of light related. , 
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1661-66 - Isaac Newton. Faviy experiments in speten. eon, etc. 
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1664 - Robert B on (1627- ide ; "Experiments; and Consideration Touch- 


ing Colors. 
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°1665 - Robert Hooke (1635- 1703). eeeedeeeee = © Microscopy and colors” 


of their films, etc. 


\ ; . 
1665 - Francesio-Maria Grimaldi (1618- 1663). "Physico - Mathesis de _ 
Lumine Coloribus et vet iride". Observations of Diffraction. a > 


‘1669 - Erasmus Bartholin. (1625- -1698). eeseeinente crystallic tétandice", 
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1669- 71 Newton ' "8 optical iecttines at Cambridge a - - - & fF" 


: - 


1671- 72: Newton's, “First : »Paper'. on. Light and: Colors. "|phiLosophical, 

x Magazine of ‘the Royal Society). Hooke's commentary on Newton's 

- * paper’ (unpublished: Reported ‘in Birch, "History of the: Royal . 
Beenen yes 1756). - . -_ | A ; 


4 


1672246 Criticisms on Newton! 8 ‘Papers and Newton! 8 “replies and elab- 


" orat ton Afardies; Hooke, "Huygens, Linus, etc.). 


' P 
_& . ‘ 
- Chronology continued. | ~ . | 


- 


% ee 
1675-76. Newton's"Second Paper" on Light and Colors. Read and discussed: 
at eRe ocr ys ad in Birch's aes 1756). 


1675 - Siecevue tone of eetipses of moons of Jupiter (welpetty of Light). 
2 OLlans* Romer (1644- L710): . _ 


“1687 + Newton's "Principia, (ist dition) . oe 
1690 - Christiain Huygens (1629-1695). Praite de la-Lumiere" a 
Published bae0e Gommuniatal to the, ote leh Academie (Paris) in | 


serbian 1O 5 
| oy 
1704 - Newton's "Opticks", lst : Edition: Seconda Edition L718; 4th . 


Edition 1730. * % | ee 
1729 - Newton's “Optical Lectures" Published. | 
‘. oo, a . _ = 
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ted by heterogencallight, — - * 


et. 


ERIC 25° | 


( 6690 ) a 
Definitioas. . 
“ Teall that Light homogeneal, fim 
rays ate equally rctrandible. 

2. And that norngoonra raye are uneg sally ref, 
gible. 

Note. There are butt! thregafledtions of Light in which [hive 


ane 


r a ed its rays to differ, viz? Refrangibi! 'yy, Rall xibility, 


d Colors and thofe rays, which apree. in retrangbiliry ; ee 
on alo ia the other two,and therefore any well bé defined 
homovenzal, efpccially face men ultially call chofe thingsho- 
* movencal, which are{o in al} qualitigs that come sudan. thee 
/koowleda, thoush in other qualtes tac cheir knowledg Qu9 
tends nue ‘to there may pollraiy be fome hetcrozencity,. 

3-4 Thos colors Leallit: uple. ur hose ogeneal, which are exe 


hibited by homogeusal hi: aht. 


é. Aud thofe compound or aa are exhibi- 


5, Ohi: rec: colors Ecall not only the more eminent Spe- 
ciesred,yellu., green, blew, purple, but all.other che minu- 
telt gradatia eos; much apeniie fame manner thie por ouly 
‘the more emincat degress in Mufick, but all the leat gradatis 
ous are eeemod fy 

OPS opor: S300S. 

t. The Sun's I she confit sof rays difflring by indefinite 

ai sof Qefreocibilty 

» Rays waich differ ta a refrangibility , when parted from 
ong enother do proportionally differ in the colors which they 
exhibite Thefe two Propofitions are matter of fi. 

3. Thee areas many fimpleor homogencal colorsas de- 
grees Of refranzibility. For, to every degree of refrangibi- 
lity belongs a ditiérent color iby Prop. 2And that color is fimple 
by Def. rand 3 

4. Whirenels i ale kts lnke that ofthe Sun’s immediate 
light and of allthe ufual objects of our fenfes cannot be com- 
pounded of two fimple colors alone. For fuch a compoficion 
muft be mace by rays that have only two degrees of refran- 
gibiity by eh 1.and 33 and ther: fore it cannow be like that 
of the. Sins! iehtsby Prop. 1; Nor,for the fame reafon, like that 
of ordinary white objects. 


om, , 


mt | 5, Whitenefs 


oe or tiniform, whore \ 


1 


\ 


SA capable of further proof, 


e 


y 


7 ¢ ot ). 
. WhiténeS io all refpedts like that of the ¢ Sun's immedi 
“ate light cannorbe compounded of fimplec 
inde fairs variety Of them, Forto fucha compofitiod there 
are requifite ravsindued with all the indefoite deorees of res 


, Fredo gibility, by Prop. 1Anud thofe ioferas oe Ginple colors, 


by Def. 1. and 3. and Prop, : and 3. ; 
Yomake thefe. a licele | k! ainer, f vee added allo’ the’Pfo- 

pofidions that follow, ‘ ‘ 
6. The rays of dteht do ‘not, ‘a&t bn one another in palling 


- through the fame Medium. This appears by (everal patiiges 
5100, sh 5101. aod is. 


in the Tran/adlions pag. §0975 5028 


7. The rays of light fufler not any change of their quaticies 
from refraction, ’ 

8, Nor afterwards frotp the adjacent quiet Needinns Thefe 
two Propolitions are maiMfelt de fatoio homogertea! light, 
whofe color and refrangibility js notat all changeable either 


by refradtion or by the contermination ‘of a quiet ALdinest- 


Audas for hererogeneal light ‘ie is but an aggrezate of feveral ” 
fortsof homogeneal light, no one fort of which fuflers any 


more altcration thao if itwere alone, becaule the rays act note > 


on one another, by Prop, 6. And herelote the aggregate can 


fuffer none, Thele two Propofitions alfo might be further pro- 


ved apart by Expernneots, too long to be here deferived, 

9. There canno homogeneal colors be cduced our of light 
by refraction which were not commit io it before : Becaule, 
‘by Prop, 7, and 8,Refraction changeth not the qualities ofthe 
rays, but only feparates thofe whichtrrve divers qualities , by 
meanes of their different Ry aovibilicy, 

Yo. The Sun’sli aperegate of an lodefinite varie 
g; by Prop. i, 3,and 9. 
it iz, that call homogeneal colors alfo primigive or origioal. 
And thug much concerning Colors. . 


“And henée . 


swithout.an- Ts 


ee Sie. Se, eer ses 


i 


; fe - ee ae : 
-_ RF - : : \ ee _ 
Oe, Extrag? ee ar co ane - ( 6087 ) % 
“ ide of s Letter (ately written by aw TB enous PErfon rons S tell Meantime 9 you may fee othac if thefe Experiments do 
ye Brine of Caitine fe’ Conliderarions upon Mr. CWlonyda, " fucceeb,, it can nO'MOoreE be fri. >that all the Colors are nece(]y. 
° 7 g (a Roe af Kpon ther Cope, of the Ufferens Kefra. aS --ty.té compound | White, and thar’ tis ery: Probablesthae all the 
3 i °¢ Kays in Teles fOPtCal Glsfieg, . . Tel are outhing but degrees of Yello and Ble cw ,, more or lef, 
‘ : \ ; ed. ; 
| Haye feen how Mr Newton $odedvours to MAINCain fj, Nery i “hes ytouching | the Effed of the different Refrations of, 
:| MeOry caect Ding Cocours Me thinks,th.t theme IQ. the Raliie Telefeopjcal Glafles, ’tis Certain that Expericace 
Portane Odje€tion, Which-js made IPatNL him by Way of Dupe 9 on  apreasinn b wich what Mr.. Nesp holds, ‘For to confider 
re, ts that, Whether th ¢ be more than wwe forts of Colon ee cnly abla re, w Richismade by an object -glals of 45 feet fq 
: ‘Or My part, I believe, that ap ‘Wypothefis, that-fhoulg explain - 2 davk iene we fee, it istoo diftiod and toowel] defined to 
Mechanically and by the DaCUre of MOtlon the Colors Sellora ‘oa be produdeehby rayes, that fhould (tray the 57 th, a 
and Ber, would be fulkeiene fo UWthe ret | 4, regard ¢} t* of th ivertiire, * So.that, (asf believe ace atte 
tho!e othe bein ly more ln . ? Gar Chat : part" o oe ¢ wer: »\é mi ron Me * New. 
b S 6 Oaly more ¢ Ceply Charyred (as 2PPpears by ~  Thave cold: sreageete tore.) the difference, OF tor faith amy 
‘ the Proimes. of Mr, Lio oF do Produce the darldor deep-R d Se the ¢ Reteandibityy Pasi} %, ini ay. be alwayes Newb. ox, of 
"BEC Blows and that of thek: obr al) the or} by Hee jo he ¢ tae gut ‘ sat fe. xe tand 1k 7&,pap, 
: CoM pounded Neitherdo If. hy M oe dec ey be f ee 128 8 Se ref a railie Be ae | 
_ PO : a ee yl te Nemton doth Netcon. fj ~~ {mal] inclinatigys 2 eRayes uf UpeD the furnface . 
ae. Cent himfele With the two Colves-Veltov, and Blews for i Will «  ? of the Glaf faba? 5 . 
, af Newtons i) [exe ibe Sree elt. Surther explaining 


pe much more ealy to find an “pbothelis by Viction My hat may ; 
“Xplicate the ‘le tw0 diltzrences, thaator(g my Many divertities as i. “2 ~ be Theory 0 Tebt ys WAGE Co, Ly BMG anbictarly that Of bi hitc 
‘ lere are: Of-others Colors, Aod tillthe hath found this Hypo. oe refs ; pds Se with by mf ee LD profeding Telefeopes 
ee heh hath not fauphe us, Whatitis Wherein confilts the qa. by Re MeiHons rather Acme 


2 


“k y 
certainty 13 very confiderable ») of their diferery Kefrangiyjn oncerning! 7 Hoe chile sin my ie that. 


o : “ity, _ | any —C when. Mai th 


fur 


q " 7” . fd . 
dod ¢ CUiereniog of Slours but only this tccident Cwhich 


‘ RN, ha fhewo how: Whimg May 
= ae As for the ©°Mpolition of Hite made by all the-Colors toa oh be produced out off wenn empouiided. colses I wilbtell hie, . 
ed Rether, jem, Of11bly be Chat Yellow and. > Miche . es oe s, \. 
Pal “yp y Oe, How and Ble ny Mehet aly be a Why he can set seer bite from “Whe ; My’ me canirg wa 
fury “Fear for thats Which is worth while e¢ Uy § and it i Pi loch a White Htere soy: het weutd pave te. 7 
may be ne by the “XPS TiMent whol Mr Maxton. Propaleth, --  f. It properties: froahiet ANG, W a oat Rath had ‘Rear pect 10, "hen oe 
y rece NQagaintt a Wall of darkn’g room the Goloursof ” Mdefcribed ty Theory that’ fr White of the Ul's = 
the Prifme (Od to caf} Meir refle Ged lighe. UPON White pax, j IMmMédiste lighe, OF the a ae objects i Of our fenfes., ard 
per. Here you-mu binder the Colorsg: the extremicies. 7 Of all white pienemenathit ade h hitherto, Ohi under my. he. 
(he Red and Purple, fram lttiking aot ae wall, and leave . 4 { os fervation, ° And thofe.d diffe Fn Properties veuld evince | it to. 
ONY the MV ermediies Colore, } Clow, preen and ble Wy to fee, | a © of adifferenr conttitutjons iomuch th: fuch produdt- 


tr met eaeie 


©0 of white Would be fg Fai Fritte Gove rallies 


ah ep plaeg: . 
| Maethicn the Hah Of thefe alone Would noe make the paper 


frould 
Sci 


= 
: appear White, gs weil 3s when tHiey a! give lig he, Teven doubt, rather illuftrate aod confivn nyeEheory, Beitr Ig by t 
wig er the ligheett Dlace OF the yertoy, color May vot all a- ban of that from other Se. wos i 
dune PFOUuce mat tledtyan fy Mean try i at the fir ht crype (nn Whi, - ae: 
_NSuieuey sf, or thts thought never cafe ioro my. tiad but jut ob: . 
“ys | £ 73 5 ee em pow 


, 
wd 


e 


> whites, but alfo thalt agree with thea ia wll orler 


. through ach 


whicsof ew 


omigated by auixtuee of rd fiaple colois, which if poflible 


+ — 
C68 
lors a White which tothe naked eye {will appear like othar 


ties. - — 
_Butto let you underftand-wherein fuch a white -would 
ciffer fror other whites and why from thence it would fo). 


Jow that other whites are otherWile compounded y Uball tay 
dowa chis policion, - 


That-aéomnounded color cap be refulved iutp sto more frple co." 
lors then thoje of rhich.itss compouncded, 


ee 

This ves to be felf evident, and Ihave 
Tal ways, sud particularly by this which 
—fchows. Let ereprefent an oblong piece A ” 
Nof white-paper abourtor4 


_alfo tryed it eye. 


a 


- 
Crue eg 


a dark'room 
witha mixture of twocoloursealtupon iB 
it fromtwo Prifans, fuppofe a deep blew fh (Hfip. 
and fcarles , which mult feverally be ay | | Hitt 
Whbe + | 
- Jey 

{tance luppofe of fix or eight yards, view . 

arthangular glafs or ceyftal Prifia held paral- 
lel to the paper, cally oulball fe the ewo colors parted from 
Ode quvchlrta ths Flht 


ef ia inch [Tt a 
broad,and H'umioated in a ~ : - 
uncompounded as they can convenicat- 
ly be made. Thenata convenicne di- 
10f two tapyesok the paperjas they 
are rapcet sarc at asd, whore Ae & the {carlee ands, 
the blew, without yrevu or any ochen color betwee: 
then is . = 3 o 5 
‘Now from the aferefaid Pofition! deduce thefe ttvo-can- 
ciufioas. a, That if there were found out a way ve cowpound 
oO faple colors onlyythat white vould be azaia re- 
folesthe into Gu ore cuuntver 2. "Clatif othee whites (as 
that or the Suns het, oe. bs refolvable iatowore than to 
fienple colours (as { liad by Experimene that they ere ) 
they mult be compounded of more thuntwot ee 
To make this ghiine, fone: chac a revrefents a white bo- 
cy Uluminaced oy a dire thawosdieSta tranfaleted chiro 
a faallhoRncs adaacecou, and # fueh anothee body Ulu- 


dicen” 
a 


, 


“e 


‘ bq 


Proper- 


AME ERT 


Lf 
a7 
* 
ie 
= * « ~ 
< 
‘ ‘ 
ya 
ey 
i 


\ 


gs 
e . 6 
2.4 


\ 


ee ga) oes 08S SeES, doth ae 
MA . 


(6089) re 
ay wake italfo appear of a white color exactly like Ay Then: 
seen ane niente diftanee-yiew-thefe-two-whites the ick a 
Peifn and A_will be changed into a fcrics-of all colors, Red, 
Yellow, Gr » Blew, Purple, with their intermediite a 
{uceeeding in order from B to Ce Bue ay oe S oe i 
forefaidh Expermuent y will only yield thofe two. colors 
which ‘qwas compounded, and thof 


ey 2 ; - 


ewot, conterminate like 
the colors at BC,but feparate trom one another as ate ve 
by means of the different’ refrangibilicy of the seas : 
they belong. And thus by comparing thefe two is ek si 
wvould appear to be of a differcus cdultitution, ina is 
Kit of more colors then a, So chat what Monfieur i Barl ngs : 

- for, would ratheradvante my heory by the ace SO : 
kind of white thao conclude againt it Butl (ve no hopes , 
of compounding fuch a white, 


y  Asfor Monfieur N.his expreflion,that I maintain my doctrine 


wita (ome concern ,- Lconfels it was a. Jitcle ungrateful to me she 
toiucet With objections which had beco anfered ae 
wichout having the leat reafou givel) we why chofe an — 
were infuficient, ‘Cheanfwers which f {peak of ae we 
Srdufalons from $03 tO pug. § rticularlyig 7 
DrdvfaClons from pag. OY to pug. 5102, Aud ee a ee : 
pis, 5095 5 to thew chacthere are other fimple colors ‘betide 
blew and yellow, inftance ia a finple or homogeaval Greets - 
peel style ‘ ve ‘ s, 
~ fuch as cannot be made by wixiog blew and:yellow or any © 


ther colours: Asd there alfo I thew why , fuppofing, that all 
colors might be produced out of tv7o, yet.it would one 
logethat thofe two are the only Original colors. The feafons , 


Idelire you would compre 


with.what hath been pow faid of 

» Whize. Ane celity of all c duce white 

» Whire. And fo the necelitty of all colors to produc: te 
mihe have appear'd by theEx periment pug.5097,where I ity, 
chaz if any color at the Levs be intercepted, the whireneis 
(which is compounded of them all) will be changed into (the 


? 


yolule of ) the otkercolors, « , ‘, ate a 

4° However, ince there feems to have happened fome | ue : 

-underftanding between us, I fall cadgawor to explain myle a 
aliccle further in thele things according to the following me > 
shod. , - * : | ; 


rr Sed 


\ 


\ 


‘Qe 


7 


9 I" 


culty of the praxisy I kaow it is very dificale, 


er ey es 
r 1 , . 2, . : ry vofi 
4 . ‘ x 6 a \ 
aaa eee oe 


( 6092 Jso. 
collect rays at.equal diftances, fe will fiod how tauch he is 
mifakea,y snd thar Mave noe been extravagantas he imaging 
in preferring Reflextors, And as for what he fays of the dith. 
and by thofe 
ways whichhe attemptedit [ believe it unpracticable. Bur 
there isa way tofinuated inthe Iesafaclions psy.3 8o.by which 
itis uct taorebsble but chicas wauels way be done talarge te 
léfcopes, ast havethercby- done in fhore ones, bue yee not 


. withourmore thea ordinary diligence and curiofity. 


Lighta dug spor Weeat acd Kye da the Growaries of that Citys 

contessacabedin sLetter of) Que M167 3.by 3ZC britthiCirkby, 
SER, > =a 

WS Li doubetei know, how much this City is famed 


for its nuccerous aed convenient Granaries, it beice 


A Relation fross Dantzick, about an od] fed of Tibusder aad 


U 


the Repofitory of all forts of grain, the fruitful Kingdom of 


Polundalfords, Tnthofe Granaries are laid up chictly- Wheat 
and Kye imparcelsy of 20, c030 and 60 Lalts ia ooe chau 
ber, accurdiogtoits largenefs, and the drynefs of the Cora ; 
which chey turo over 3, 4, 5, 6 times a week, as oced ree 
quires to'Keep it fiweerand fit for Mipplng. Now ichapned 


’ 


tast about che latter cod of Alureb’ and prif latt we bad 


muchand violent, Thunder aud Lightning, which bad this 
uohappy effect upon all the parcels of Wheat and Rye of the 
daft years growth, ‘that, though Over-night they were dry, 
feet, and fe for thipping, the next morntag they had loft 
all chefs good qualitics, and were become clammy and 
{tinkinz, aud coalequeatly unfic to be fhip’c away for che 
prefent: So thatthe Owners; ifthey would not loofe theit 


! Ol 
‘grain, were forced, to caufe it to be turn'd over Avo or three 


times a day, and yee it required fix weeks, if not longer, 
before it wagsnecover'd.: 


7 


Th'sis athing, which often happens‘to Corn-that Bath 


not tain in the Granary a whole yeat,. or not fwet thorough 
ly ta the (raw before tt be thralh'd out. An accident little 
noted, yet id my judgment worth the inquiring iato.. For, 
though the A'terations, caufed by Thuader in Lizuors, be 
taken hotice of, and probable realons piven for thems yet I 
jilge cris fomewhatimore abftruteand therefore more worth 
Waileto be coufiderd, ”, ' | | A 


ar 
° 


4 


.’ ‘vhereof vveighed half an ounce, 


. 


"C6095 ) 


4 Rebstion of dei uB-conseson Cafe int Phyfich, eoimstanteated by 
‘the faue from Dantzick #2 @ Letter of March 18. 
UO. ‘ 


SIR,» cn. . 

“4 Cangot omit acquaintiog you with an odd Accident,late- 
| ly come to my kuowledge. A Mi ifter ofabout so Vears 
ot a @ i . oan ee 4 . be . = ae 
ue accompanied with vomiting abd purging, his Pbrtie 


¢ ipealang with hin apoue 
Mian, wheo I had the opportunity of fpeaking with § 


being much iodifpofed, and dftea relapling into a di- 


it, cold me, that he was perfuaded, that his cure was-ob-, 
; 


ftructed by the Patient's being obliged to eri ie 
bythe help of the medicines, prefcribed to and ‘uled by 
he was brought.to a cooliderable degree of oy a 
ftudying and.preaching -made bim conitantly relopfe, This 
appearing tome ee a ae a that Mudy tod dilcour- 


fins fhould caft amaninto fuch violent diftempers y and the 
. rey 


reafuns, given by theDodtor for it, not ee 
He ong day furprifed me by relatiog Sire cl ae on 
Siving the faid Miniter a vifity which might ie Nseoa 
jecture concerving the Spirits being drawa away ioe - oy 
isch, and Jeaving the digeftive power lavguid 5 Ww a vvas, 
That the Preacher falling into arelapfe wfter a Sermon 


preached by him, and Vomits comming ftrongly upoo him, .. 


he caftout, amoneft other matter, feveral pieces, fome as 

large as the end of a Mans finger, fome ay Sahalage oi. 

rhe t rt : ( pleces 
eye perfectly refembling Tu//fom ; four pte 

a ate are 4 What tnay be iuterred 


hence for the doctrine of Concoftion, [ mult leave to eter 


to sontiacs a 
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